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SOME ANALYSES QOF SYSTEMATIC BXPERIMAENTS ON TEF RESISTANCE
ARD PORPOISING CHARACTERISTICS OF PLYING-BOAT HULLS

By Kenneth S. M. Davidson and ¥. W. S. Locke, Jr.

STMMARY

This report -discusses cartain analyses aAnd conden-~
satlions of the test results obtained in the extensive
gserles nf systematic experiments on the porpoising char-
teristices of flying bPoats reported in referanca 1. The
work 1s believed to simplify arplicertlion nf the test re-
sults to practical dersign problems and to aid in clarify-
ing basic concepts regardling vorpolsing.

The exvrsariments were carrled out mccordling to strict
system and cnnsideratle attentlion was given, in reference
l, to presenting the results i1n A form whkich would nrovide
as clear a viasuel impreselion as Dossible of the influencs
and relative importance of the different variables. The
radlating chart of variables in figurea 1 and the cnndensed
summary charts of test results in figuree 2 and 3 Are taken
from raferenca 1 and furnlish the general background for the
analyses here considered.

It 1s concluded in this repnrt that:

I -~ For a given hull form under various combinations
of lording and serodynamic conditions

(a) The stability limits are determined

(1) Primarily by the net water~-borne load
in steady motion A

(2) Secondarily by the tail damping rate
My (sec. 3)
This means & raduction irn the number of vari-
ables which have to be consldered from the
total of twelve covered by the experiments




(in groups I ané II) to orly two. The
separate effects ol gross load A,, wing
1if%t at arbitrary trim angle Zp, and
rate of change of 1iit with trim Zy ars
coacentrated intc the all-inclusiv: vari-—
able rot wator—borne logd A; the teiliag
damping rgate is tke enly othar cca—
trolling variab%e.

(vb) Tho curvse of stadility limits aroe satis—
factorily expreocessed as

(i) Tunctions of the dimensionless crite—
rion +/Ca/Cy, which relatus net wator—
torac logd with spend

(2) With ths Cirmeonsicniess critesrion for
Mg
tail dawping -———— (wkers p,,
Pw
Y > b
is wetor density), as a prrazch ter
(s2ce. & and 5, chnart in fig. €).

Ono advantagy of exprossing the linits in
thle maraer 18 thet tho pormoisianes ckarac—
terigtlce of the hulls of different £ly-—
Ing Lonte can te compared directly, with-
ont roz.rd o ¢ifircrences in tkn acrodrnaxic
strueruarecs, 4&ncthar, and porheps more in—
partons, alvartagn 1s that tihr atehilit-
datea are roafiily n~vailable for wvee in tho
prollializary doglagn suago, to cedune tho ky-—
drodyaanic »arforwance 3 proposoed ships
with various porodynamic strncturcs, or
cren baicore tia aorodynemic etructuro has
booe= crneidored in deteil.

II — Tor modificptiong of the gfterbedy derived fron
ths sgnd parent, uador sivon logding gnd goro-—
dynpiic conditions

(a)

TFha uwpper etavility 1imit and sia »nak of
tha lowoar stability 1lixi% (at ncderetec
gp30ds) arc raieged or lowaered if %the modi-
ficatlon rgisce or iowvers the g#tern—post
sngle, ané in substantiagily 2qual amount
(sdc. 10, chart in Fig. 10).



(b) The lower limit at high spesds is not
affected (chart in fig. Q)

(c) The hump frim follows the changes in.
stern-post angle in the same way as the
limit curves in (a), and the hump re-
gslstance 1e primarily a function of the
hump trim (sec. 14, chart in fig. 15).

(d) The effectiveness of the ventilation of
the maln step determinas the presence or
absence of upper-limit porpolsing st high
speeds, more effrctive ventilation suvpprss-
sing this type of porpoising (sac. 13).

These conclusions ars based uvon A consideration of
thoses varinmbles on the radirting chart on figure 1 which
are not covered by cross-hatching.” The remaining veriablasg
have not yet been considered, and the cross-hatching has
been added to the chart to make this clear. It 1s belilavad
thert the remmainling variables can be tresrted in a gensrally
gimilar way to those considered At thle time, but the work
to date 15 being presented without waitlng for further
analyvses because 1t scema of sufficient intere=st in 1tself.

By considering the analyses so far completad snd by
some extant Aanticipating future rnalyces of variables not
vet completed, 1t seems clear that when the stabllity
limits ara expressed as functions of ”/GA/GV with

¥q
P —3 constant.

v Xy
2

(1) The positions of the upner stability limit =nd
of the peak of the lower etabllity limit are
governed primarlly by

(a) The stern-post angle (the angle between a
tangent to the forebody keel at the step
and a line Jolning the tip of the step with
the tip of the stern post

(v) The prwer (i.e., dynamic 1ift) of the second
step (as influenced by ths plAn arsea in ths
vicinity of the stern post, the general angle



of attack of this area with respect to
the line Jolning the tilp of the stern
post with the tip of the mein step, chine
flare, 6tc.)

(2) The position of the lower stability limit at
high speeds 1s governed primarlly by

(a) The dead rise and the effective warping
of the forebody bottom, and probably also
the curvature of the forebody buttocks

(3) Suppression of upper—limit porpoising at high
speeds is governed primarily by

(a) The effectiveness of the ventilation of
the afterbody bottom in the vicinlty of

the mein step

Of the foregoing, 1(b) and 2(a), while based on the test
data revorted in reference 1, gre not gnalyzed in this

report,

These broad conclusions constltute a powerful tool
for clarifying porpoising phenomena, even though they may
not be found strietly applicable, in their entirety, to sll
cases, The main concents are brought out rapidly in the

following dlagram:?

T T
l Trim angle
v8. Upper 1limit
o-12 e T — -
o CalCy ~~Afterbody “7%41‘\\\
5 i ., P
H‘B /T— \ -
ree-to-trim track /v// —— ' ti,
|, , -
5 - > ,
& PR Lower 1limi P QLS )
- 0.20

. C
Diagrammetic Illustrstion of Tentative isropd Conclusions
regarding Porpolsing
showing
the stability linits in nondimensional foru
and the reglons JInfluenced
by the rforebody
by the afterbody
by ventilatlon



In thie flgure, the closed curve surrounding the
lower limit indicates the area wlthin whick changes to
‘the forebedy -are effectiye in altering the position of
the lower limit of stability. fimilarly, the.closed
curve surrounding the upper limit and peak of the lower
linit indicates the area in which-changes to the after—
body are effective. Lim wige, the line around the right—
hand end of the upper limit indicates the areg within
which step vontilatlon is effective,

INTRODUCTION

The systomatlc oxperiments considered in reference 1l
radliated from a givea flying boat taken as a basic point
of departure. ZEach of n number of variables was altered,
separately from the othars, over a renge of values embrac-—
ing the normel wvalue for the flying boat and intended to
be wide enough to cover all values likely to be encountered
in practice. The advantage of this procedure 1is that it
materially siszplifles the problem of coordinating test ro-—
sults. It enables the effect to ba estimated of making
corroeponding changos 1n deslgnes other than that of the
reforence flying boat in the majority of cases,

The variasbles fall naturally 1anto the followlng groups:

Group I Welght and Inortia Loading
Groun Il Aaro&rnaric Conditions
Groun III Hull Torm

Grounp IIIA Afterdvody Form,

Group IIIF Forobody Form

Group IlIH. Hull Forz (as a wholo)

Tho referonce flying boat used 1ln the experiments
was the XPE2H-1, s modorn design hagving, for a groas
weight of 149,000 pavrds, a wirg loadimg Ao/9 of 38.0
pounds . par scuuare foot and a begm: lcp’lng An’“ﬁq of 0,39,
The dimeusloans and particulars considered as normagl sre
glven 1in table I,

The present discussiong consider the variables of
groups I and II and soume of the varisbles of groap TITA,
All conclusions and generalizatioms are based upon tha
ranges of change of the variables covered in the experi-
ments. Had the changes been extended ad absurdum, some
of the conclusions would undoubtedly have been altered.



This investigation, conducted at the Stevens Insti-
tute of Technology, was sponsored by, and conducted with
financlal asslstance from the HNational Advigory OCommittee
for Aceronautics.

DISCUSSION
Group I Group II

Welght and Inertia Loading Aerodynamic Conditlions

1, These two groups 1include all of the veriableos respon—
8lble for Torcee or mnoments acting on the hull other than
hydrodynamics

The variables of group I are obvlous at oance; those
of group II are scarcely less obvious, thankse to the
relatlively simple coaflguraetlion of the alrplane, Thus 1t
can be sald with some amssuranco that the 1llst given on
the ragiating chart in flgure 1 includes ell of the vari-
ables in these two groups which affect forces and moments
appliecd to the hull, both in steady motion and 1in porpois-—
ing.

The mass in vertical oscillation is an additionsl
variable which, like the aerodyramic component of 32,
and one or two other of the aerodynemic dorivatives, can
be made independent (in this case, independont of gross
welght) in the model but not in the ship. Though not
congiderod directly in the expcriments, 1t was considored
indiroctly e8 explained in tho next section.

The symbols on the radiating chart indicate the vari—
ables 1in these groups which are found to have?

Three open circles — no effect on stegdy-motion re—-
slgstance, as determined by 1n—-
spection

Threc blacked circles— very llttle or no effect on the
etablllty limits as shown by the
experiments, (See figs. 2 and 3,)

It will be seen that, of the twelve wvariables necessarily
considered at the start, six can be ruled out immediately
a8 having no 1lamportant effect on elther resistance or
porpoising.



2. Regarding the six remaining variasbies, it 1s apparent
that

Yy 'a,_, Z_ , end Zp, in combination, fix a net force
which is, in fact, the net water—borné load
in steady motion A

(2) The center of gravity position and Ho, in com—
bination, fix s net moment which detarmines the
trim angle in gteady motion T

(3) M; determines, by itself, the tall damping
momeats 1ln porpoising motlon

These combinations strongly suggest that, instemd of six,
the controlling variables are really three; namely,

(1) ¥Net water—borne load A affecting resistance
and porpoising

(2) XNet moment M affocting resistance and por—
polsing

(3) ITaill damping rate My affecting porpoising
only, not resigtance

Now 1t is known to tegin with, of courso, that the steandy-—
motlon resistance 1s controlled by the first two of these
as 1indicated and that Mg affects porpoising. Evidence
that, with Mq fixed, the first two control porpoising

la supplied

(1) By the upper charts (e) in figure 4, whore
it is seen that the upper and lower por—-
poleing linlts obtained in the separate
experiments for altered valuwes of A,, 3y,
and Z2g, respectively, can be oxpressed
a8 unique functiong of the net water-—borne
load A, with discrepancies of less than 1°,

It may be notod herc, though it boars mainly
on the discusslon of the procoedlng scetlon,
that when A 1is gltcrod by changing A, the
Lass ln vortical oscillation 1s affected in
diract proportion dbut that whena 4 1is =ltersd
by ckharglng 2, or Zg tho mass is unaffocted.
Henco.,, o demonstration that A 1g the con-
trolling verilsdble, whother the mass 1s wvaried
or no%, 1s in effoct a demonstration that the
mass in vortical osclllation doess not ‘affoot
porpoising.




(2) By the more comprehensive charts of the
same sort In figures 5 and € discussed,
in section 4,

The lower charts (b) in figure 4 show that the shifts

in tho moment curves obtalned in the separate experiments
for altered center—of—gravity locatlions correspond to the
product of thes center—of—gravity ehift times the not water
load, es would be expected; thus the net moment M 1s

the controllingz variable.

3, In practice, resistance is usually given as m function
of trim, loecd, rRnd swmeoed, and pormnoising limits aroe fro-
queatly oxnrcesed in terms cf %rim and spesd — 1in both
ceses withcut epecial regerd to the avallability of the
momerts ragnired to produce the gtated trime, In othar
words, moment is not ordinsrily treated as an irdepdndent
verlable, trim being substituted arbvitrarily as & pzramoter,
This sutetituition of trim {for moment 1s discussed ian more
detsil in the appendix., By uaaking tha substitution, ard by
restating the ccneants of the precedirng section, 1t may be
sald that

(1) The resistance characteristics are a function
of trim, load, 2nd sveoed.

(2) The porpoising cheractorietics are primarily
functliong of load and spned, and secoadarily
functicneg of the tail-demping rate,

The controlliing variesbles aro tnon reduced to two, urther—
nore, thn tall-dauping rate erfects priwmarily tle lower
p-rpoising limit 2% high spoeds (see fig, 2) =nd is clearly
of loss laportance tianpn tho net water—bormne load.

4, 4 further simplliiicatlon 1n ths statement of tho por—
polging chnracteristics 1s effeciod whea the stadbility
linits sre plotted against A/V?, instead of A and

spedd 1s theredy cliuminated sns a separats consideration,
This 1s shown In thn chart in figure 3, which iacludee

tho datas from the upmor charts (a) in fizurec 4 and addi—
ticnal data for othar speeds. Two scul:s of shscissas are
xivoa A/V¥ aad tLho corregsponding nondlnensgional criterion
Ca/Cy2 [ & (1ift coafficient, A2 p,/2 V)],

An altrrnate, and soamowhnt praforeble, form of plotting
for this echert 1 shown in filzure 6., Haru the abscissas
aro ./CA/GV instead of OCa/Cy?® and the scales is raversod,



In this form tHe curves look more familiar and they
are less dlstorted. .

The same simplification has been applied in the past
with reessonable success to resistance data for the plan—
ing renge (see references 3 and 3)}; its success for por—
poising data 1e not, therefore, very surprising. Nor
need the fact that it has never been widely used in deal—
ing with resistance data necessarily influence its adop—
tlon for porpoising data; the high preclsion required
for resistance information is not ordinarily needed for
8tabllity limite. Ito mee reduces the statement of por—
poising characteristics to a single chart with My as
a paraneter,

The extent of the speed ranges over whilch porpoising
occurs under various conditions, and particularly the
Presexce or absence of upper—limit porpoising at high
speers, are not indicated by such charts, These are dla—
cuesed in section 1l3.

5. Yahe tall-damping derivative K is directly pro—
portlonal to speed. Hence, a statement of the proportion—
ality Tactor Mgq/V is sufficient to define values for all
speods. Waen alvided by pw/2 d* (p, for vater), tais

Mg

is tlhorefore a sultable criterion with which to express
the tail—dnruping ratss for & givon design, at all spoeds
and sizes. Its value is 0,249 for the expcriments in
question,

factor 18 made nondimensilonali the expression

6. Ia summation 1% appeare taat the vorpoising character—
istice of a given hull can be expressoed (with the reservu—
tion- noted =t the ond of sec. 4)by B single chart with

a single narameter., The inherent porpoiiimg character—
istics, whilch fix the shspes and positions of the limit
curvea on thls chart for a given value of the parameter,
must then depend on hull form only.

Group I1II

Hull Form

7. Tre cholce of variobles for systeuwatic studies of hull
form is DF ro means straightforward. The hydrodynamic com—




10

ponents of such quantities as Zg, My, and so rorth, ares
not clearly related to geometrilc con%igurationa and alzes
of specific elements of the hull form in the simple fash-—
ion that the aerodynamic components are clearly related
to geometric configurations and sizes of speciflc elements
of the alrplane. Hull form muast therefore be dealt wilth
as such.,.

The ends sought are easlly statedt
(a) To reduce hump and high—speed resistance

(p) To eliminate porvoising or, falling this,
to widen the range of stable trim angles

It 1a desiradle to improve both cheracteristics, and
Inprovceceent of one at the expense of the other will not
ususlly be very Lhelpful.

It wilil be vnderstood that with any hull form it is
necessary to locote the center of gravity so that tae
hunp resistance is ressoneable, and so that the avalladle
trim trecks are within the slabllity limites at planing
Speo0ca, .

8« In tho experimenis (reference 1) the choice of vari-—
ables was governed by the underlylng concept that the
forebody anéd afterbody ere separate parts of the hull
rerving different purposee and that in consequence each
should Te altered independently of the other.

This concent was suggested by the comparison shown
in figure 7, botween the characteristics of thoe coxnlete
hull end $hose of the forebody slone (under otkerwise
identical conditions)., This comparison war worked out
before t2e 1ipt of hull nodifications was {ecidod upon}
as8 explzined in refoererce 1, it reveals in particular

(a) Trat tie aTterbody ie useful only in tke lower
Aalf of the spoed range to tare—off and that
ite presence at highar spoeds is entirely
fletrimentaly thut

At rest and at displacoment spoeds, it pro—
videe flotation

%t moderate apseds up to the hu=zp, it con-—
troles trim and resistance and prevents
lowor—limit porpoising
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At high (planing) speeds, it is the direct

cause of upper—limlt porpolsing and some—
‘what increased -resistances

(b) That the forebody is entirely sslf—sufficlent

at planing speeds and needs no help from the
afterbody

Trhese indicatlions suggest clearly

(a) That the forebody is the main hull — essentially
a stepless, V-bhottom, planing hoat with the cen—
ter of gravity very far aft

(b) That the afterbody is an appendage, the function
of walch ie to control trim (by providing nosing—

dovn moment) until true planing of the main hull
1s establishad

Group III ir accordingly divided into three subgroups

Group IIIA Aftorvody Fornm
Group IIIF Forehody Form
Group IIIH Hull Form (as & whole)

The first two of these are of more interest for prosent
purposos thhan the third arnd, as erplalined previously,
only a »nart of the first is dealt with in this report,

Group IIIA

Aftervody FYorm

9. V¥When a gilven set of vertical transverse sectlons (that
is, & ziven VLody plan) is used to produce a series of hull
forms differing in some consistent fashlon in their pro-—
portlions, the rosulting forms are sald to spring from the
same parent form. It is only when, rogardloss of propor—
tions, the shape of one or more sections is altered with

respoct to the others that the parent form is sald to have
been altered,

It is in accordancs with these 1deas to refer to the

following variables of group IIIA as 1lnvolving no changes
of parent form:
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Afterbody anglo for changing which, the same

Step height afterbody was uvsed in tho ox—
periments

Afterbody longth for changing which, tho aftor—
body station sracing was uni-
formly alterod

The nropont discussion is limited to these variablos with
some rcrfcrence to the cexnorimeats with the forebody alono,

10, ¥Yiguro 8 shows the porpoising limits for the above—
mentiorned variabdles. The lowor—limlt curva for tko
foresody alone 1ls addold to these charts for roferenco.

Fisuaro 9 shows b

b1 saro limits roplottcd agailinst
CA/Cy reversod

-0
(after tho manner of fig. €).

Figuro 10 shovs_a sccond replotting, in wnich the
reversed scalc of JGA7GV i1s ruotained for tho pobsclissas

but the Lliwits are referrocd to adeolute stern—post trim
in~tupd of forabody %rim. By arditrary cofinition,
(avsolite storn—~most trim) = (abrolato Foreboly trim) —
(storn—most aa7lo). This dofilaition 1le illustrated by
a cxoten oan thc chard.

RZoforrinz tc tie threc charts (Tige., 8 to 10) i3
will Do sunn that

(1) The lowor limi% st higk spoeds ic a2t affectod
2y altcrations %o any of the thres varladlos
consldeorccé, Thils might bo erpectod from %tho
fret tint even 2¢ 6xX3remo a cihranfe &AF TOmOT—
irg thc afterbody ontiroly (soo fiz,., 7) hai
practicnlly no offect,

(2) Dhe "broak—avar" of tho lowor—-limit curve Froam
tho bvagie curvas for tle foretody .lone z2nd tho
position uf thu uvwpper—limit curve ars functions
of thao sturn—post ansle prinarily.

Wit reapcecet %o tho socond of thoeee gonsralizations, fix—
uro 10 snove in particular that

Tro poaks of thn br.oakb—aways of tho lover—limit
curvee cea be roasonatly, wull recproscrtold by an
cavclono curvo, waich isolatos the cffect of tho
eftorbody on lower—limit porpoising
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The individual points for the upper—limit do
not scatter more from the mean curve than the
points in figure 6, the mean curves on these
two charts being consistent with each other,

Figure 10 may be regarded as providing e further
simplification (following fig. 6) in the statement of
porpoising characteristlics. By eliminating differences
directly attributable to differences of stern—post angle,
1t clarifles one more variable in the analysis of por—
poising characteristics, ILlke figure 4, however, it fails
to take into account differences in the ranges of speed
(or of o/ CA/CY) over which upper—limit porpoising occurs
under various conditiona, It fixes the position of the
upper—linit curve but not the extent. The latter is con—
gidered further in seection 13,

lle It 15 clear from the discussion of the nreceding
sectlion that tke 1limit curves in figure 10 are subston—
tlally independent of the forebody trim., It is seen, too,
thot the total range of stern—post trims embraced by the
two 1limit curves is quite small (of the order of 4°§.
Theso observations suggest strongly that the wake, or
trough, loeft by the forebody must be sudstantially in—
depondent of the forebody trim end relatively Flat at

all planing speoeds,

12, The photoszranhs (figs, 11 to 13) were taken in an
ettempt to throw furtkoer light on the nature of the flow
pattecrnes in the vicinity of the porpoilsing limits, Three
reglions aro shown, in separate figuras:

Lower limit at peak of brealk—awvay (Zig. 11)
Upper limit at moderate planing speeds (fig. 12)
Uppet limit at kigh planing speods (fig. 13)

Bach reglon 1s illustreted by three cases!

Afterbody angle, 139
Aftorvodyr angle, 7o
Afterbody angle,  43°

and oach case has three photographe for trim angles cover—

ing a range of 2° 4in the vicinity of the porpoising limit
under consideration,

These photographs should be viewed as a rfirst attempt
to illustrate the flow patterns. They indicate, however,

|/
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(1) Regarding lower—limit porpoising (fig, 11) —
that this type of porpolsing 1is suppressed
vhen, with increasing trim angle, the tip of
the afterbody first makes contact with the
water surface (this indication being amply
confirmed by visual observations of the model
dur ing tests). Since this occurs with stern—
poet depressions of the order of 1° to 3°,
it 1is evident that the forebody wake is de—
pressed in about the same amount at the wvalues

of & Cp/Cy in question,
(2) Regarding upper—limit porpoising (figs. 12 and
13) = that this type of porpoising develops
when, with an increaso of trim of the order
of 1° to 2° bevond that required to suppress
lower—limit porpoleing, a large portion of the
afterbody bottom becomes wetted. This wetting
and the fact that i1t is followed, when the trim
is further increased by about 19, by the fore—
bPody coming clear, so that only the tip of
the afterbody remains in contact with the water
surface, seems to go far toward explaining-the
mechanism of upper-—limit porpolsing. Evidently
the wetting of tha mfterbody introduces forces
(ond moments) which result in the forebody
Jumping clear and this in turn breaks up the
situatlon wiich caused the afterbody wetting,

™)

The photorraphs in figure 14 were taken to i1llustrato
the siiilarity of the flow patterns at fixed valunes of

JGA/GV obtzined with difforent combinations of COp and Cy.

As sucl, ther properly bvelong with the discussion of section
4 rather than here. They are of interest 1in conmnection with
the present uiscusslon, however, because thor indicate that

N GA/CV i1s 2 very exact criterion of flow sixilarity when
other thirgs are osqual, and they therefore provide a back—
grournd for saring that very small differences observed in

the otror photographs — wkere othor things are not equal —
may bc signiflcant,.

13, It khas boen noted, in sectlons 4 and 10, that the
exteat of tho speod ramge over which uvpcr-limit porpolsing
occurs 1s not neceossarily shown in condensatlons of test
date upon the base 4 0p/Cy. Tkis speed range or, more
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especially, the range of high speeds over which upper-—
limlit porpoilsing is absont, has considerable practical

" **importance, - The absence of uppoer—limit porpoising is
obviouely desirable in itself, and there is a possibil—
ity (now under investigation) that 1te presence or ab—
sonce ls associated with undesireble or desirable, ro—
spectively, landing characteristics,

Roference to figures 8 and 9 lndicates:

(1) ©fhat, if the uppoer—limit curvo stops short of
take—off, it tends to stop at more nearly a
constant value of ./Cp/Cy (roughly 0,09)
than a coastant valus of spood

(2) That tho upper—limit curve stops short of take—
off whon .

(&) The storn—post angle is increasosd above
the normal wvalue of 8°

(b) The step height ia ineruasod above the
normal value 0f b percont of the boam

(c¢) 1In spito of a vory low step height (1 per—
cont), a substantlal paseago is providod
to allow air to reach the rear of the
stop

Fow 1t will be soon that, in all three of thoe casos listed
under (2), there has boon an incroaso in tho amount of

sten vontilation, this torm being usod droadly, to includo
any moang by which a supply of alr to tho step can be ac—
compliskod and not moroly the provision of air ducts. The
inforonco is obvious that tue avoidence of high—speed uppor—
limit porpolsing dcponds directly on the provision of suffi-
clont ventllatlon., Thais inforenco, furthermore, appears

to Do cntirely conslstent with tho point of view developed
in secction 12 that theo wetting of & large nortion of the
aftorvody bVottom marks the beginning of upper—limit por—
poisingz, for goneral wetting of the aftorbody bottom 1s
probably assoclatod closoly. with the offcctiveness of step
vontilation,

14, Figuroe 15 is a chart of raximum hump resistance
plotted agalnst maximum hump trim, Values are for

the true hump (in the vicinity orf 10 ft/sec model
spoed) and not for tho vontilation hump (in tho vi-
cinity of 8 ft/soc). Data are includod for one or two

I
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varlables in additlon: to those listed in section 9 in
order to enphasige that it is the hump trim itself,
rather than the exact means taken to get 1t, which con-
trols the hump resistance, The excess of the total re—
slstance over the value of A tan (T+2°) is seen to be
roughly constant for high trims but to lncrease rapidly
with low t:rims so that the total resistance 1s a minimunm
at around 3%#° trim.

The arrows on the chart indicate the difference
between the maxi:um hump trim and the maximum trim on the
curve of lower—limit porpolsing (which usually occurs at
nuch the same speed). The hump trim exceeds the lower
porpoising limit to a moderate extent except whem the
hump trin is very low.

CONCLUS IONS

The »rincipal conclusions to be drawn have already
been ssated in the Sumpery of the report,

Particular attention is called to the three charts?

Figure 6 — which shows thet, for a given kull under
various combinations of loading and amsesrodynamic cor—
dtltions, the stadllity limits may be sxprersed as
Tunctlong of the dirmonsionless criterion Jca/cv
wit: —~——8— _ ag g parameter,

Pw .4

Yy—o5%
2

Fipure 10 — which slhows that, for modifications of
the aftorvody Gerived from the samu parent, under
givon loading and aerodynamic conditions, the upper
stavility 1limit =2nd the pcak of the lower stadility
linit are raiscd or lowered as the rtern—post angle
ls raised or iowered, and in likxe anount.

Flgure 15 — which sixowsa that the hump rasistance 1s
o dircct Function or the hump trim, the latter in turn
following changes of the stern—post angle.

Experimnontal Towlng Taank,
Stovons Iznstitute of Technolog:r,
Hoboken, N. J., vuly 3.0, 1243,
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APPEND IX

While not strictly a part of the presoent. thesis,
a briof discussion of the substitution of trim for roment
88 2 critorion in the statements of resistance and por—
polising charactorietics may be useful.

Moment 18, in fact, an 1lndependent variable and
falluro to consider 1t as such does not dlespose of 1t.
Phere can be little advantage in knowing best trims (with
respect to elthor resistance or porpoising) without know—
ing whether they can ve obtained, The general lack of
emphasis on moment is perhaps explained in part by the
difficulties which 8till stand in the way of accurate de—
terminatione of the aerodynamic moments during take—~off
.and landins. There 1s enother aspect of the matter, how—
ever, whlch is considered 1n what follows,

The chart irn figure 16 shows tho usual data for the
normal XP32M—1 flying boat and, et the four speeds for
which cross plots ere drawn, the moments due to

1 -l.hI us -

(

ab]

) Haximum shift of center of gravity —
Corresponding to 2% feet either way in the
scip or 18,5 percent of the beam, (The wing
ie assumod to be shifted with the c.g.)

(3) Haximum elevator deflaction —

Assuming chax sero = 0% (or Ory = 1.0)

These are the principal moments; they are additive (al-—
gebraically), except for the tarust moment, in any desired
combination, The magnitudes shown are not claimed to have
bProclse absolute significance; they are intendsd only to
indicate approxinate maximums. With thies understarding,

it will be obveerved that

(1) At the lowest opeed (Cy = 2.79), which is about
at the hump and for which the power—on case 1is
therefore of most interest, the possible effect
on trim of altering the moment combination is
about 2%° and that

Any trim within thils vrange iz near the trim
for best resistance,
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(3) At tho highest speed (Cy = 5.57) the elevator
moment 18 so large that, with any combination
of the other two moments, the trim can be held
between the porpoising limits and at the value
for Yesgt resigtance

For these-two spoeds, then (and for all lowor and higher
speeds, respectively) moment 1s of secondary interest
only. Eowever,

() At the firet inteormediate speed (Cy = Z.71),
the trin for least resistance can be reached
with any possiblo combination of the moments,
but thie trim is less than the lowser porpois-—
ing limilt, a.:d there are many combinations of
the noments, rarticularly in the power—on case,
with wihich the maximum trim cannot be magde to
excced tho lower limit.

Thus, for spceds in the vicinity of this ono (a 1little

above the lump) momsnh, though still secondary frcocm the
point of view of steady-—-motion rcslestance, takes om pri-—
mery ionortence from the point of vliew of porpolsing 1limits,
Thegs speeds, too, ars cerpecially invortant hbecanse in
eccelorated take—off the triw 1les felling rapidly from itse
peak value ncer the hunp; thug imitial dlsturbences are
provided to help induce porpoising,.

In gonarsl, thorofore, :orent has to Po ~ziven more
consideration iz dealing witix pornolsing than in dceling
with roesistancn, Zut *%liere does not seom to td any groat
noed Jor & mors acecurato knowlsdge of ths aorodynamic
(clovetor) momcant; the principal roouirawment is to got
the centar of gravity in the nost sdvantesgoous pogition.

Shiftins thoe conter—of—gregvity position 1g =zuch tho
simplest way to altor tho moment combinatlon in an existing
flying bost, and tosts to determine the best position —~ or
tho linitiag practiceble range of positons -~ are ordingrily
carriecd cut on & now flying voat. Iz thls case, howevar, the
consequences of s shift differ szomevhat from thoso discussed
in sectlion 2 Pecausse tho wing is not shifted wlith the center
of gravity. *rom tho point of viow of dosign, with which
this vaper is primarily corcerned, tho wing ought usually
to be shiftod whon tho center of grevity is shiftcd to avold
introducing an 2dditional moment waile flyinz. This was
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8imulated in the experiments whioch form the background for
the present work and ellowed for in calculating the moments
. for the charts in figure 16, When the wing is not shifted,

the momont ig groater, as indicated in the-followlng
sketches:

Direction

| . of motion
e —
I-‘--' a—-—-i ].— :
Y L ¥

8o Bo 8o Bo
Wing shifted Wing not shifted
Change moment = (4, - L) & ' Change moment = A, &

The diffasrence 1s mentlonad hore to avoid possible
misunderstanding.
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TABLE I
DIMENSIONS AND PARTICULARS (NOEMAL) FOR FULL-SIZE
FITING BOAT XPB2M-1 ARD —L--SCALE MODEL

30
Dimensions Full size 1/30-acale model
Beam at main step, in . . . e s s e 162 5.40
@4Angle between forebody ksel and

base line, deg . . . . s e .o 8.0 2.0
Angle betwesn afterbody keel and

base llne, deg - e+ v o e 5.0 5.0
Helght of mein step at kesl, in e+ s« 8.1 0.27
Center of gravity forward of main

step (26.58 percent ¥.A.C.), in . . . . 70 2.33
Ceater of gravity above base line, in . . 146.7 4,89
Gross weight, A, 1b . . . . +» . 140,000 5.19 f.w.
Load coefficient, Cp, (sea water) . . 0.89
doment of inertia in pitch, elugrfta . 1.366 X 10:

1b-in® . . 6.328 x 10 260

Wing span, £t . . . . .. . ... . ... 200 65.67
Wing area, S, €3 ft . . . . -« . . . . . 3683 4.092
Kean aserodynemic chord, ¥,A.C., in . . . . 249 8.30
Aspect ratio (geometric) 10.87 10.87
Horizontal tail area, sq ft . . . . . . . 508 0.585
Blevator area, 8@ ft . . .'. . . . . . . . 1437 0.160
Distance c.g. to 55 percent M.A.C.

horizontal tail (tali lemgth), ft . . . 63.6 2.12
Thrust line above base line at

main gtep, in . . . . . .« s s e o o &B0.3 7.68
Thrust line inclined upward to .

bess line, deg . « . . s o« o o . o o 5.5 5.5

Tnll-size

Batios “Yodel '

0f velocitles, A Ve . e e e e e s s e 5.477

Of linear dimensions, A e e s s e e e s 3.0 X 10

Of areas, A2 . . . . ¢« v 4 ¢ . e e .. 9.0 X 102

Of volumes, A% . . . v ¢ ¢ ¢ v v = o+ .. 27.0x103

Of moments, A* . . 4 . . ¢ « s o . o o . . B8L.0X10*

Of moments of inertia, A® ., .. . .. . 243.0 X 10°B

B5ee footnote on p. 2.
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DIMENSIONS AND PARTICULARS (NORMAL) FOR ¥ULL-SIZE FLYING

BOAT XFB2M-1 AND ga-scALx MODEL (Contimued)

Aerodynamic characteristics

Cp, at T = 5° (relative to base line,

flaps, 309 . . . . . . . . . . .

L at 7=6%. ... ... ....

a0 AT . .. i e e .

ar/ar (az/d€), 1bfdeg . . . . . . .

aL/dw (dz/aw), 1lb-sec/ft (%%)

dCHCG/daBL = dcch/am (av.) . . . .
Apg/ar (aM/de), 1b ft/deg (av.) .
Pai/dq, 1b £t sec/radtan . . . . . .
dM/aw, 1b sec (av.) . . « « . . . .

au/aq

Eﬂ'd_w ’ ft/ra.-iian « s s

au/dq
Tail 1 th, 1l/radian . . .
ai]a/a ength, 1/r

Get-away speed, fps . . + « . . . . .

Get-away Cp =« ¢ ¢ =« ¢ ¢ o o o o &

Got-away T, deg . . - & +: o o o &

2411 trim angles measured relative to the base line.

Full sige 1/30-50&13 model

1.585

1.685

6.95 vg(gy 7-72 X 107" v @

0.1045

0.458 vg
0.458 vg

0.0150

1.365 v
8020 X vg

78.3 X Vg

102.5

1l.61

130
1,890

8.8

bContribution of horizontal tail surface only.

CSubacript s 1s for full size.

0.104B

0.509 x 10~2 +2
0.509 x 10~° v

0.0150

5.05 X 10~ v2
9.90 x 10 v

2.60 X 10~ v
3,41

1.61

25.74

1,890

8.8
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Figure 11.~ Steady-motion photographs at lower limit, peak of "breakaway".
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Figure 11.- Continued.
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(a) Absolute stern-post trim, 2.4°.

Figure 12.- Steady-motion photographs at upper limit, moderate planing speed
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(b) Absolute stern-post trim, 3.4°.

Figure 12.- Continued.

Fig. 12b

Afterbody
angle = 12°

Stern-post
angle = 13°

Abs. forebody
trim = 16.4°

Afterbody

angle = 7°

Stern-post
angle = 8°

Abs. forebody
trim = 11,4°

Afterbody
angle = 4.5°

Stern-post
angle = 5.5°

Abs. forebody
trim = 8.9°

/AAR = 0,493, /€,/Cp =0.143




A

NACA

Figure 12.-

{c) Absolute stern-post trim, 4.46.
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Fig. 13a
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/a/NR = 0.146, /C\/Cy = 0.0425

(a) Absolute stern-post trim, 0.2°,

Figure'iz.- Steady—motion photographs at upper limit, high
planing speeds.
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Fig. 13b

Afterbody
angle = 12°

Stern-post
angle = 13°

Abs, forebody
trim = 14,2°

Afterbody
angle = 7°

Stern—posg
angle = 8

Abs., forebody
trim = 9.2°

Afterbody
angle = 4.5°

Stern~post
angle = 5.5°

Abs.  forebody
trim = 6.7°

/a/® = 0.146, /Cp/Cy = 0.0425

{b) Absolute stern-post trim, 1.2°.

Figure 13.~ Continued.




NACA ' Fig. 13c

Afterbody
~angle = 12°

Stern-post
angle = 13°

Abs. forebody
trim = 15.2°

=

Afterbody
angle = 7°

Stern-post
angle = 8°

Abs. forebody
trim = 10.2°

Afterbody
angle = 4.5°

Stern-post
angle = 5.5°

- Abs. forebody
trim = 7.7°

Va/v2 = 0.146, Vc,/Cy = 0.0425

{c) Absolute stern-post trim, 2.2°,

Figure 13.- Concluded.




NACA : Fig. 1l4a

Cy = 4.636
Cp = 0.444
Cy = 4.173
Cy = 3.701
Cp = 0.285

(a) Absolute forebody trim, 15.4°.

Figure 14.- Steady-motion photographs to illustrate similarity of flow
patterns at constant values of vC,/Cy obtained with different combinations
of Cpand Cy. Afterbody angle, 12°; VC,/Cy = 0.144.




NACA Fig, 14b

Cy = 4.636
Cp = 0.444
Cy = 4.173
C, = 0.361
.
Cy = 3.701
Cp = 0.285

(b) Absolute forebody trim, 16.4°.

Figure 14.- Continued.
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NACA

{¢c) Absolute forebody trim, 17.4°.

Figure 14.- Concluded.

Fig. ldc
Cy = 4.636
Cp = 0.444
Cy = 4.173
C\ = 0.361
Cy = 3.701
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